INTRODUCTION
The development of assisted reproduction technologies (ART) such as superovulation, artificial insemination (AI), multiple ovulation and embryo transfer (MOET), and somatic cell nuclear transplantation (SCNT) has contributed to the dissemination of breeds that are at a risk of extinction, an accelerated genetic improvements in animals, and other such animal breeding programs (Meuwissen, 1998) .
Although substantial progress has been achieved in animal ART in recent decades, some of these techniques have lower efficiency than expected. Many factors can affect the efficiency of ART in both humans and animals; for example, the variability in hormonal super-stimulation response, nutritional status, and developmental synchrony between the transferred embryo and the recipient female are the most significant factors affecting animal embryo transfer (Spearow and Barkley, 1999; Perez et al., 2000; Simoni et al., 2002; de Castro et al., 2003 de Castro et al., , 2004 Santos et al., 2008) .
Superovulation is a major step in the embryo transfer technique, and has been practiced in cattle for more than 60 years. In the past decade, our understanding of ovarian follicular growth has seen considerable progress; in addition, the effects of parity order, age, and gonadotropin reparation on the super-ovulatory response in cattle have been elucidated (Bo et al., 2002; Fortune et al., 2004; Gasser et al., 2006; Malhi et al., 2007; Mossa et al., 2007; Malhi et al., 2008) . However, many issues pertaining to this remain controversial.
In this study, we statistically analyzed the production data from 300 cattle to test for possible associations between the efficiency of superovulation and the parity order of the treated cattle and choice of month of treatment, with regard to the temperature, precipitation, and duration of sunshine in the particular month.
MATERIAL AND METHODS

Animals and superovulatory treatment
Changbaishan black cattle are beef cattle developed via the hybridization of Japanese black cattle with local cattle. This experiment was conducted from June to September in Jilin, China (127.33E, 43.67N). Prior to the superovulation treatment, Changbaishan Black cattle, including nulliparous (11 to 13 months) and multiparous cattle (24-48 months) were selected by trans-rectal palpation for the absence of gynecological abnormalities; all cattle were placed under the unified management of ad libitum feeding with a special, high-protein, high-energy diet.
These cattle were treated for superovulation using the protocol provided by the AnBo Embryo Biotech Center (Beijing, China). Superovulation was induced by the 16-day Follicle-Stimulating Hormone (FSH) -CIDR (EAZI Breed TM CIDR (progesterone), cattle insert) -Prostaglandin(PG)-Luteinizing Hormone Releasing Hormone (LHRH) (FSH-CIDR-PG-LHRH) method described in the Supplementary material. All animal treatments and protocols were approved by the Animal Experiment Ethical Management Committee at Jilin University.
Semen
Each cow in estrus received two doses of frozen semen, which was collected using an artificial vagina from a fertile Wagyu bull at intervals of 12 hours. The thawed ejaculate met the minimum criteria of >70% morphologically normal sperm and 60% estimated progressive motility. The ejaculate was extended to 1 x 10 8 sperm/mL with clarified egg yolk-citrate-glycerol.
Embryo recovery
All embryos and ova were recovered by an experienced technician using a standard nonsurgical uterine flushing technique 6 days after AI. The initial search and evaluation of embryos and ova was performed by a single observer with a stereomicroscope (magnifications: 10x to 70x). The compactness and homogeneity of the cell mass of the recovered viable embryos were analyzed using a microscope (70x magnification), and the cells were assessed as described by Linder and Wright (1983) . Briefly, the cells were classified as M1 (morula, Grade 1: embryos with single or small extruded blastomeres comprising less than 15% of the total cellular material), M2 (morula, Grade 2: large cells or individual blastomeres extruded from the embryonic mass that make up more than 15% but less than 50% of the total cellular material), or Blastocoel. Embryos with blastomeres containing nuclei, but too underdeveloped to be considered viable, were classified as degenerate. The ovum was designated as being unfertilized when there was no indication of cleavage, or when all cytoplasmic fragments lacked a nucleus.
Statistical analysis
All data are presented as the mean ± standard error of mean (SEM) of the values obtained for all tested cattle in the text and figure legends. The statistical significance of the differences between the groups was determined by an independent t-test or one-/two-way analysis of variance (ANOVA), followed by a Fisher's protected least-significant difference post-hoc test, unless otherwise specified in the results or figure legends. Statistical significance was set at P < 0.05.
RESULTS
Effect of month of treatment
The superovulation treatment was conducted over a span of four months from June to September, which was thought to be the best season for cattle reproduction in Jilin, China. According to the statistical results (Table 1) , cattle had the greatest number of available embryos (NAE, 10.01 ± 0.750) in August, which was higher than that observed in September (P < 0.05), with no significant difference being observed between June and July. In addition, cattle had the highest number of total embryos (NTE, 14.96 ± 0.915) among the four months in August; the lowest number was observed in September (10.83 ± 0.901). In fact, the number of M2 embryos in August was twice that ofproduced in September (P < 0.05). Cattle treated in August had the highest number of M1 embryos (NM1, 7.97 ± 0.701), and those treated in June showed the fewest M1 embryos (5.25 ± 0.672). Cattle had the greatest number and highest percentage of blastocyst embryos in July, and the fewest (0.08 ± 0.041) and lowest percentage (2.95 ± 0.51%) (of blastocysts) in September. The percentage of M1 embryos (PM1, 43.68 ± 3.82%) in June differed significantly from that seen in July (59.17 ± 3.97%, P < 0.05), August (65.41 ± 2.92%, P < 0.01), and September (60.23 ± 3.55%, P < 0.01). Table 1 . Superovulation performances are different among the four months. The values represent the mean ± SEM. NUE = numbers of unfertilized embryos; NDE = numbers of degenerated embryos; NAE = numbers of available embryos; NM1 = numbers of M1 embryos; NBE = numbers of blastulas; PUE = percentage of unfertilized embryo = NUE/NTEx100%; PDE = percentage of degenerated embryo = NDE/NTEx100%; PAE = percentage of available embryo = (NM1+NM2+NBE)/ NTEx100%; PM1 =percentage of M1 embryo = (NM1+NBE)/NTEx100%; PBE =percentage of blastulas rate = NBE/ NTEx100%; NTE = numbers of total embryos. Tm = average temperature (°C); PP = average precipitation (mm). ASD = average sunshine duration (hours).
a,b
Values with different superscripts in the same column differ significantly (P < 0.05).
A,B
Values with different superscripts in the same column differ extremely significantly (P < 0.01).
It was much hotter in July (23.37° ± 0.38°C) and August (22.10° ± 0.87°C) than in the other months; in addition, the precipitation was greater in July. We observed no differences in the duration of sunshine between these months.
The coefficient of determination represents the percentage of data that is the closest to the line of best fit. The R value indicates the percentage of total variation in y that can be explained by the linear relationship between x and y (described by the regression equation). As shown in Figure 1 , the R coefficients for numbers of available embryos (NAE), and total embryos (NTE) with average temperature are 0.915 and 0.939, respectively, and the regression rates are even higher with the PP. This indicates an almost perfect increase in the linear relationship (R = 1) between the NAE and NTE with the environmental factors in the month of treatment.
Effect of the parity order
The total number of multiparous and nulliparous cattle were 116 and 184, respectively. Table 2 , the NTE in multiparous cattle was 14.44 ± 0.580, which was higher than that of nulliparous cows (11.83 ± 0.503, P < 0.05). We observed no differences in the number or percentage of unfertilized ova (PUE). The percentage of degenerated embryos (PDE) in the nulliparous cattle was significantly higher (0.263 ± 0.0141) than that in the multiparous cows (0.197 ± 0.0139; P < 0.01). The number of blastocyst embryos (NBE) did not differ between the two groups of cattle; however, the percentage of blastocyst embryos (PBE) was approximately 2.14 percent higher in the nulliparous cattle. The number and percentage of available and M1 embryos were significantly different between the two groups of cattle, as shown in Table 2 . Table 2 . Superovulation performances differ between the multiparous and nulliparous cattle. The values represent the mean ± SEM. NUE = numbers of unfertilized embryos; NDE = numbers of degenerated embryos; NAE = numbers of available embryos; NM1 = numbers of M1 embryos; NBE = numbers of blastulas; PUE = percentage of unfertilized embryo = NUE/NTEx100%; PDE = percentage of degenerated embryo = NDE/NTEx100%; PAE = percentage of available embryo = (NM1+NM2+NBE)/NTEx100%; PM1 = percentage of M1 embryo = (NM1+NBE)/NTEx100%; PBE = percentage of blastulas rate = NBE/NTEx100%. a,b Values with different superscripts in the same column differ significantly (P < 0.05).
t-test. As shown in
A,B
Values with different superscripts in the same column differ highly significantly (P < 0.01).
Co-efficient of parity order and month of treatment
Three hundred cattle were treated by a super-ovulatory process over four months (75 per month). The parity order and environmental factors in the month of treatment were statistically analyzed using the raw data.
As shown in Table 3 , nulliparous and multiparous cattle showed no differences in any of the traits in September, and only exhibited a significant difference in the rate of degenerated embryos (P < 0.05) in June. Nulliparous cattle showed a higher PBE (P < 0.05) and NBE (P < 0.05) compared to multiparous cows, but a lower NAE (P < 0.05), NM1 (P < 0.01), and PM1 (P < 0.05) in July. In August, multiparous cattle showed a better performance in the NAE (P < 0.05), NMI (P < 0.05), RAE (P < 0.05), and PM1 (P < 0.05). 
A,B
Values with different superscripts in the same column differ significantly in nulliparous cattle (P < 0.05). Bold data with star superscripts (*) in one month of the same traits differ significantly (P < 0.05), with additional underlining and double star superscripts indicating highly significant differences (P < 0.001). Nulliparous and multiparous cows performed differently during different months. Nulliparous cattle had the highest NTE in August (13.957 ± 1.201) and the lowest in September (10.413 ±1.145, P < 0.05); in addition, these cattle exhibited the highest NBE (0.978 ± 0.294) in July and the lowest in September (0.0652 ± 0.0482, P < 0.01). Nulliparous cattle had a better PM1 in August and September, than in June (P < 0.01 and P < 0.05, respectively), and a better PBE in July than in August (P < 0.05) and September (P < 0.01).
Multiparous cattle showed a better NTE in July (16.138 ± 1.517) and August (16.552 ± 1.379), than that in September (11.483 ± 1.475) (P < 0.05 and P < 0.05, respectively). They displayed a lower PUE value in August (4.54 ± 1.72) than in June (19.3 ± 4.6, P < 0.01) and September (16.6 ± 4.56, P < 0.05). Multiparous cattle showed the lowest PM1 in June (44.0±5.76), compared to that in the other months (all P < 0.01). Finally, multiparous cattle showed the highest PBE (4.15 ± 1.91) in August (P < 0.05), compared to July and September.
As shown in Figure 2 , an almost perfect positive linear relationship was observed between NTE/NAE and the environmental factors in the month of treatment in multiparous cattle, with a strong positive linear relationship between NM1 and Tm/PP. However, the regression analysis revealed that the nulliparous cattle only had a strong positive linear relationship (R > +0.7) between NTE and Tm/PP (Figure 3) , with a majority of the regression rate being moderate (R > +0.5) or even lower (data not shown). 
DISCUSSION
The wide variability in the superstimulatory response of donor cattle to MOET remains an enigma, and a major limitation in the profitable and efficient implementation of embryo technology in cattle (Keller and Teepker, 1990; Kafi and McGowan, 1997) . It has been suggested that the superovulatory response is not a heritable trait, that a future response cannot be predicted by a previous response, and that "environmental" factors play a major role in the variability of the superovulatory response (Tonhati et al., 1999) .
Effect of choice of month of treatment
With respect to the natural agricultural production, several reports have indicated that the season had an important effect on superovulation. Hasler (1983) and Lerner et al. (1986) reported the influence of the season on the superovulatory response, while others did not find a consistent seasonal effect on the ovarian response (Massey, 1984; Shea, 1984) .
The results of our study showed that the superovulation traits were different during these months, supporting Lerner's theory. Cattle treated in August and July had a greater number of available and M1 embryos, and a strong positive correlation between the traits; in addition, the temperature/precipitation suggested that the choice of the month selected for the treatment does affect the superovulatory response.
The land in Jilin, China is covered with snow for almost 7 months a year. The land would not have thawed by May. Therefore, only four months are suitable for embryo production. However, the temperature between June and September will never rise enough to cause a heat stress effect on animal reproduction. It was reported that high temperatures decrease the oocyte maturation and reduces the number of embryos that cleave into two cells (Lenz et al., 1983; Rivera and Hansen, 2001) . Heat stress was also reported to negatively affect the fertilization and embryonic development both in vitro and in vivo (Al-Katanani et al., 2002; Sartori et al., 2002; Hansen, 2007; Edwards et al., 2009) ; however, another study indicated no change during the summer (Ryan et al., 1993) . Cerri et al. (2009a,b,c) reported that the season affected the embryo development and number. Our data ( Table 1 ) clearly indicated that a temperature of 23.4°/22.1°C and a precipitation of 3.55 /3.93 mm was more suitable for superovulation treatment than the conditions observed in June (19.9°C and 2.56 mm) or September (14.4°C and 1.0 mm). This suggested that an appropriate temperature and humidity gave a better response to the superovulation treatment. This data may assist in the future application of superovulation treatment and other assisted reproduction technologies.
Effect of the parity order
Previous studies reported that the increasing parity did not affect the embryo recovery (ER) or transferable embryo (TE) content (Donaldson, 1984; Lerner et al., 1986; Hasler, 1992) , although a large-scale parity order analysis could not be undertaken in Korea (Lee et al., 2012) . However, Gebeyehu (2007) found that the parity order was significantly higher (P < 0.01) for days open and the calving interval. Cows in their first parity required 35 and 30 more days than the average for days open and calving interval, respectively. However, the effects of parity were not determined for individual farms.
Our studies showed that almost all aspects of the performance of multiparous cattle were better than those of nulliparous cattle. According to statistical analyses, the superovulation traits of nulliparous cattle were not as steady as those of multiparous cows; in addition, a polarization effect was observed among the individual nulliparous cattle.
As shown in Table 2 , the parity order had an important effect on some superovulation traits. The statistical results may also provide some actual reference for the selection of donor cattle. With respect to the number of embryos, multiparous cattle showed significantly higher numbers of NTE (2.6-fold), NAE, and NM1 (1.5-fold greater) than nulliparous cattle (P < 0.01 each). Although we observed no significant differences in the NDE and NUE, the nulliparous cattle showed a higher PDE and PUE (P < 0.01), which is consistent with the lower percentage of available embryos.
Coefficient of parity order and month chosen for treatment
The multiparous cattle showed a very strong positive linear relationship between the trait and month chosen for treatment ( Figures 2 and 3) ; in addition, the number of total and available embryos increased with the PP and Tm. However, nulliparous cattle did not appear to be very sensitive to environmental changes. The NAE and NMI did not increase, despite an increase in the NTE. Almost all of the significant differences between the two groups of cattle were observed in July and August (Table 3) , when a better performance was observed compared to the other two months. Sartori et al. (2010) attributed the reduced number of embryos in heifers to a lower superovulatory response, rather than a reduction in embryo quality, which could be a result of lower FSH doses. Therefore, the poor superovulation performance of nulliparous cattle may be attributed to FSH-insensitivity and stress-sensitivity, or stress non-resistance. The follicle development process in nulliparous cattle was not as complete as that in multiparous cattle. Therefore, the FSH dose could be increased and all stress could be lowered or avoided completely in nulliparous donors.
In conclusion, the superovulation treatment was studied in 300 cattle at a local cattle farm from June to September 2011. The superovulation performance was found to be better in multiparous than in nulliparous cattle. The months with differing temperatures or humidity also had a strong effect on the superovulation response. Further observations are required to determine if the parity order affects the developmental competence of the same embryo stage.
